Electrochemical Detection of
Biological Pathogens

Deiedion techniques are essential for
identification of DNA fragments for a
variety of applications, including drug dis-
covery, DNA sequencing, and pathogen
detection. The most common techniques
for DNA separations are performed with
fluorescent labels using capillary elec-
trophoresis to sequence the samples of
interest. While this technique provides
excellent sensitivity, it involves optics and
lasers that are relatively expensive and
difficult to miniaturize.

Electrochemical detection techniques
offer the potential of high sensitivity, low
cost, and simple integration, which would
prove beneficial in the advancement of
sequencing and DNA fragment analysis.
The use of electrochemical detection has
previously been investigated using redox
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active molecules in DNA hybridization stud-
ies, and for detectors in capillary gel elec-
trophoresis. While these techniques have
exhibited excellent sensitivity, they have not
been applied to specific systems for applica-
tions to homeland security. This effort will
look at the use of custom-patterned elec-
trode materials, which can be directly inte-
grated with capillary gel electrophoresis
devices for evaluation against the more
proven fluorescent detection techniques.

Project Goals

The goal of this project is to produce
an electrochemical detector for a com-
mercial (Beckman-Coulter) capillary
electrophoresis device that will serve as
a testbed for further refinement for
smaller devices.

Photograph of prototype electrochemical detector: PDMS on glass with gold electrodes.
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Relevance fo LLNL Mission

The problem of pathogen detection is
important for homeland security. Low
cost, miniature detection systems will
eventually provide new capability to the
individual, or to first-response teams, for a
variety of field scenarios. The particular
problem addressed by this effort couples
directly to systems currently being consid-
ered for these applications at LLNL.

FY2004 Accomplishments and Resulis

In FY2003 we produced the first of the
prototype electrochemical detector
devices (see figure). ACLARA Inc. pro-
vided three anthraquinone-based eTag™
samples for testing. In FY2004, electro-
chemical hardware (an existing Pine
potentiostat, LabJack data acquisition
device connected to a Mac) was set up,
and software was written for data acquisi-
tion. A software workaround for removal
of emf-related noise during data acquisi-
tion was implemented and was able to
lower the apparent noise to ~30 nA.

Tests to establish behavior of gold, plat-
inum, and glassy carbon electrodes towards
hydroquinone in 1 M potassium chloride
were conducted. (Hydroquinone resembles
anthraquinone in its electrochemical behav-
ior and has been well studied.) The glassy
carbon electrodes displayed the best sensi-
tivity and lowest background current, with
detection limits of about 100 nM, using
conventional techniques.

Electrochemical testing of
anthraquinone in aqueous (1 M KCl) solu-
tions followed, in preparation for using
anthraquinone-modified eTags™. We
found that the redox potential of
anthraquinone was beyond the cathodic
breakdown potential for the solvent, ren-
dering detection of these eTags™ impos-
sible in aqueous systems.
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Testing of the electrochemical detec-
tion device that was fabricated in FY2003
was also performed. Detection limits were
found to be sub-picomole, limited only by
the background noise of the potentiostat
being used. Unfortunately, the gold micro-
electrodes used were not inert enough to
withstand the potential at which they were
poised, and dissolved completely after an
hour’s use.

A picoampere-range potentiostat from
Bioanalytical Systems was purchased to
improve detection limits. To address
both the electrode robustness issue and
to lower the detection limits, we are fab-
ricating electrodes made from CVD
boron-doped diamond films. Boron-
doped diamond has been shown to have
outstanding robustness and excellent
sensor properties, including low back-
ground current, in electrochemical sys-
tems. We believe with these new elec-
trodes and equipment, we can push
detection limits to the attomole range
and below, which is the state of the art
for electrochemical detection.
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